We report radial velocities for 844 FGKM-type main-sequence and subgiant stars and 45 K giants, most of which had either low-precision velocity measurements or none at all. These velocities differ from the standard stars of Udry et al. by 0.035 km s À1 (rms) for the 26 FGK standard stars in common. The zero point of our velocities differs from that of Udry et al.: hV Present À V Udry i ¼ þ0:053 km s À1 . Thus, these new velocities agree with the best known standard stars both in precision and zero point, to well within 0.1 km s À1 .
INTRODUCTION
The radial velocity of a star is ideally the component of the velocity vector of its center of mass that lies along the line of sight. Radial velocities are valuable for a variety of astrophysical investigations, including studies of the structure of the Milky Way Galaxy, the orbits of long-period binary stars, and the distances to star clusters (see, e.g., Binney & Merrifield 1998) . '' Barycentric '' radial velocities (sometimes referred to as '' absolute '' radial velocities), such as reported here, are measured relative to the barycenter, or center of mass, of the solar system. Such velocities are often (incorrectly) termed '' heliocentric,'' though the Sun moves with a speed of $13 m s À1 relative to the barycenter.
Radial velocities of stars in the Galaxy are often measured with an accuracy of only $0.5 km s À1 . With advances in the accuracy of proper motion measurements to $1 mas yr À1 (e.g., Perryman et al. 1996) for many stars, a corresponding increase in the accuracy of radial velocities is required. Meanwhile, the best relative radial velocities have precisions of 3 m s À1 and new instruments (e.g., HARPS) are designed to achieve a precision of 1 m s À1 (Bouchy et al. 2001; Pepe et al. 2000) . These relative velocities have proved useful in the detection of extrasolar planets (e.g., Marcy, Cochran, & Mayor 2000) but they are not necessarily tied to a velocity zero point. Nonetheless, the precision-velocity instruments have overcome many observational and technical hurdles related to spectroscopic Doppler-shift measurements, either by using a gas absorption cell or a fiber-fed comparison lamp spectrum (Valenti, Butler, & Marcy 1995; Butler et al. 1996; Baranne 1999) .
The precision-velocity technology has been applied to the establishment of barycentric radial velocities, most notably by the Geneva team (Udry, Mayor, & Queloz 1999a; Udry et al. 1999b) . They have measured velocities for 38 stable dwarf stars with precision better than 0.05 km s À1 .
Here we provide barycentric radial velocities with typical accuracies of 0.3 km s À1 (and precise to 0.03 km s À1 for a given spectral type) for 889 stars. Our intent is to provide a velocity measurement at the current epoch for a variety of purposes. Velocity variations with a timescale of hundreds of years may be detected by comparison of present and future velocities. We also hope to establish radial velocity standard stars, by identifying a subset that exhibit no significant velocity variation above 10 m s À1 .
BARYCENTRIC RADIAL VELOCITIES
The Doppler searches for planets have been successful because of the relative ease with which the change in radial velocity may be measured with high internal precision. Such relative velocities circumvent the technical challenges associated with the determination of an accurate velocity zero point, and they avoid the physical interpretation of a barycentric Doppler shift which becomes bewildering at levels below 1 km s À1 .
Barycentric Doppler shifts carry an unclear interpretation for several reasons. Stellar lines suffer a gravitational redshift (Misner, Thorne, & Wheeler 1973) upon leaving the stellar photosphere, yielding effective redshifts of V grav ¼ GM=Rc ). This redshift varies from 680 m s À1 for F5 V to 500 m s À1 for M5 V stars, the range of spectral types considered here. Uncertainties in stellar masses and radii prevent an accurate removal of this effect. Furthermore, stellar lines suffer a transverse Doppler effect (essentially time dilation), the removal of which requires knowledge of the full velocity vector of the star's space motion. This effect is '50 m s À1 for the fastest moving stars .
More importantly, stellar Doppler shifts are affected by subphotospheric convection (granulation), macroturbulence, stellar rotation, pressure shifts, oscillations, and activity cycles. The most important of these effects is granulation. The textbook explanation is that a larger contribution to the stellar flux emerges from hot, rising gas than from falling gas in the convective cells. These motions yield an overall blueshift of spectral lines (Dravins 1999) . However, the exact convective blueshift depends on the full three-dimensional hydrodynamics and radiative transfer in each spectral line as a function of depth in the photosphere (Dravins 1999) . The blueshift clearly depends on spectral type and is expected to be $À1000 m s À1 for F5 V, À400 m s À1 for G2 V, and À200 m s À1 for K0 V . Effects due to pressure shifts are less than 100 m s À1 for ordinary stars Allende Prieto et al. 1997) . Stellar rotation also imposes minor radial velocity effects (Gray 1999) .
Moreover, the measurement of spectroscopic barycentric radial velocities usually requires a reference stellar spectrum. Due to constraints of telescope time and available standard stars, only a small number of reference spectra can be used. Typically, the Doppler measurements require use of reference spectra having different spectral types than the program star, which leads to spectral mismatch errors. Since the strengths of spectral lines vary with temperature and metallicity, the spectra of the reference and program stars will be significantly different. In effect, the relative displacement in wavelength between two nonidentical spectra is not uniquely defined and therefore is dependent on the algorithm used. Such spurious Doppler effects are minimized, but not eliminated, by using high-resolution spectra with many lines resolved, as adopted in this present survey.
The effects of convection, stellar gravitational redshift, transverse Doppler shift, and the other effects mentioned above cannot be determined for a star with an accuracy that is comparable to the internal measurement errors of $10 m s À1 . Removal of such effects by a model of each star might introduce more model-dependent errors. Nonetheless, with considerable modeling, the measurement of a Doppler shift may be used to determine the '' true '' velocity component of the center of mass of the star. Alternatively (and more traditionally), Doppler measurements may be left merely as an observable, namely the spectroscopic shift in wavelength, often quoted as z ¼ D= 0 ).
Here we adopt the philosophy that spectroscopic barycentric radial velocities should first be corrected for local effects, such as that caused by the observer's motion relative to the solar system barycenter ($30 km s À1 ) and by the solar gravitational blueshift ($3 m s À1 ). In addition, we will correct all of our velocities of FGK stars for gravitational redshift and convective blueshift to first order by using the known radial velocity of the Sun to set the zero point for the stellar velocity measurements.
Our quoted Doppler shifts represent velocities as if measured at the solar system barycenter but with the Sun and its potential well removed. Clearly, the velocity measurements presented here are amenable to future corrections for the spectral-type dependence relative to G2 V for gravitational redshift and convective blueshift, in order to yield the most accurate velocities possible for them (e.g., Gullberg 1999; Saar & Fischer 2000) .
SPECTROSCOPIC OBSERVATIONS
The spectra were obtained with the HIRES echelle spectrometer (Vogt et al. 1994 ) on the 10 m Keck I telescope and with the '' Hamilton '' echelle spectrometer fed by either the 3 m Shane or the 0.6 m Coude Auxilliary (CAT) Telescopes (Vogt 1987) . During an observation the starlight is sent through a glass cell that is filled with iodine vapor (Marcy & Butler 1992 ) before entering the spectrometer, which superimposes iodine lines on the stellar lines. These iodine absorption lines are used to calibrate the wavelength scale of the spectrum from 5000 to 6000 Å .
Our Doppler planet search project contains 889 stars at the Keck and Lick Observatories . Until now only relative radial velocities have been computed from these spectra, and they have a precision of $3 m s À1 (Butler et al. 1996; Vogt et al. 2000) , which has allowed the discovery of Jovian and sub-Jovian sized extrasolar planets .
To achieve barycentric velocities, we adopt two standard spectra. We use the National Solar Observatory (NSO) FTS solar spectrum (Kurucz et al. 1984) and an M dwarf composite spectrum (see x 4) as reference spectra. The 889 stars each typically have $12 spectra obtained during 4 years from 1997 to 2001. The distribution of spectral types in our sample is: 14% F, 46% G, 27% K, and 13% M stars. Except for 45 K giants all stars are main-sequence dwarfs or subgiants. All stars are void of a visible companion within 2 00 , though some were subsequently revealed to be spectroscopic binaries (see x 9).
DOPPLER METHOD
The barycentric radial velocities reported here are found in a manner similar to that used to find the relative radial velocities for the planet search. An observed spectrum is fitted with a synthetic spectrum that is composed of the individual stellar and iodine spectra. In detail, the synthetic spectrum is the product of the deconvolved stellar '' template '' spectrum (with the spectrometer instrumental profile removed) with a high-resolution spectrum of molecular iodine. The product of these two is convolved with the instrumental profile of the spectrometer (at the time of the observation), to produce the final synthetic spectrum, as described in Butler et al. (2000) .
The observed spectrum to be synthesized is broken into '' chunks '' of length 40 pixels corresponding to roughly $2 Å . In total 14 free parameters are fitted in the Doppler analysis; 11 devoted to the instrumental profile, along with the wavelength zero point of each chunk, the wavelength dispersion across each chunk, and the Doppler shift of the stellar spectrum relative to the stellar template of that star, z (=D/). All of the parameters, except for z, are extracted primarily from the iodine portion of the observed spectrum. After the best parameters are found for all the chunks of a spectrum they are saved for further analysis, notably the weighted average of z. We apply a correction to all velocities for our topocentric motion relative to the barycenter (McCarthy 1995) . For a more in-depth discussion of this standard Doppler analysis to obtain relative velocities, see Marcy & Butler (1992) , Butler et al. (1996) , and Valenti et al. (1995) .
To obtain barycentric radial velocities, the approach was similar to the standard analysis described above and indeed we used some parameters derived from that analysis. Here we used the National Solar Observatory (NSO) solar spectrum (Kurucz et al. 1984) as the deconvolved template, for all F, G, and K stars. For M dwarfs, we constructed an inhouse M star composite spectrum as the template (see below). Since all parameters except for z are extracted from the iodine portion of the spectrum previously, the use of a different stellar template spectrum does not affect these parameters significantly. Therefore, in our new fit, we simply adopt the values of the 13 non-z parameters that were previously obtained in the Doppler analysis for relative velocities (i.e., for the planet search) and we fit here only for the barycentric radial velocity, z.
Ordinarily, when the deconvolved stellar spectrum of the individual star is used as the template, the 2 statistic is near unity (usually less than 1.7), because the stellar contribution to the model is a previously obtained deconvolved spectrum of the same star. But in our fit for barycentric velocities, the value of reduced 2 is much larger (poorer) because of the mismatch between the template spectrum (NSO or M dwarf composite) and that of the program star. The program star differs from the solar or M-dwarf template in spectral type, metallicity, and v sin i. Thus, the spectral fits are not as good, yielding 2 of 3-7. The internal error per observation, as defined by the weighted standard deviation of the mean of the velocities from all ($400) chunks, is higher for our barycentric radial velocities than for the relative radial velocities used in the planet search. We find that while the relative velocities carry errors of $3 m s À1 (for the planet search) the average internal error per observation for the barycentric velocities reported here is $20 m s À1 . A more conservative estimate of our velocity precision is given in x 6 as 0.03 km s À1 from comparison with the standard stars.
Due to the fact that only one stellar template is used for a large range of stellar types, we expect that our errors (internal error per observation) will depend on BÀV. The greater the difference between template and program star, the greater the expected error due to spectral mismatch. We plot this internal error in our barycentric velocities versus BÀV in Figure 1 . Since the NSO solar spectrum, BÀV ¼ 0:64 (Carroll & Ostlie 1996) , is used for F, G, and K stars we expect the errors to be minimized for solar type stars. This is confirmed in Figure 1 . The M dwarf composite template spectrum was created from five different M dwarfs having average spectral type of M3 (see below). The internal velocity errors for stars analyzed with this stellar template are minimized at BÀV % 1:5, as can also be seen in Figure 1 .
Each program star has an average of 12 observations. As many observations as possible are analyzed per star, up to 30, in order to minimize the uncertainty in the mean of the barycentric radial velocities. If the radial velocity of the star were stable we should obtain an uncertainty in the mean of $20= ffiffiffiffiffi 12 p % 6 m s À1 . A majority of stars indeed exhibit velocity scatter of $10 m s À1 (rms), while others have an rms scatter larger than 100 m s À1 . Scatter in the latter stars is almost always caused by companions or large chromospheric activity. Overall, 782 of the 889 stars have an rms velocity scatter less than 0.1 km s À1 , and 107 stars have an rms velocity scatter larger than 0.1 km s À1 . The barycentric radial velocities for these stars are reported in Tables 1 and  2, respectively. As mentioned above, the NSO solar spectrum could not be used as the template for the M dwarf program stars because the spectra are too different. Therefore, a separate reference spectrum was required for the M stars. For this purpose a composite spectrum of five M stars was produced in the following manner.
Five M stars were selected having barycentric radial velocities reported by Marcy, Lindsay, & Wilson (1987) with low uncertainties: GJ 251 (M4), GJ 411 (M2), GJ 526 (M4), GJ 752A (M3.5), and GJ 908 (M2). One spectrum of high S/N ratio was used from each of these M dwarfs. The spectra were shifted back, to remove the Doppler shifts caused by the barycentric motion of the observatory and by the barycentric radial velocity of the star itself relative to the barycenter, taken from . To check for any residual Doppler shifts, these corrected spectra were then cross-correlated with respect to one of them, GJ 251. Assuming the resulting displacements were due to random errors, the mean of the residual velocities was taken to be the barycentric velocity zero point. Using this reference point the spectra were again corrected for their Doppler shifts. Finally, the spectra were put on the same wavelength scale and co-added to create a M star composite spectrum.
VELOCITY ZERO POINT
Using observations of the day sky and the minor planet Vesta we found the zero point of our velocities for FGK stars. These references were used because they have essentially solar spectra, and the radial velocities of Vesta and the Sun relative to a topocentric observer are easily determined. We used the on-line '' JPL Ephemeris Generator '' to find these instantaneous velocities. 6 Four observations of the day sky and two observations of Vesta were analyzed with the before mentioned Doppler method using the NSO solar spectrum. These references showed that our raw velocities, from Keck and Lick, were consistently large by 522 AE 5 m s À1 . There are various possible sources for the 522 m s À1 offset in our raw velocities. The absolute wavelength scales of both the NSO solar spectrum and our FTS iodine spectrum are not well known. According to Kurucz et al. (1984) , the solar lines are broadened by 200 m s À1 due to the change in the radial velocity during the observation, and the wavelengths may have errors as large as 100 m s À1 . The wavelength scale of the iodine FTS spectrum comes from the calibration made at the McMath telescope at Kitt Peak. We have no independent way to verify the integrity of the zero point in wavelength of this FTS iodine spectrum. The third concern stems from the instrumental profile of the HIRES and the Hamilton spectrometers. It is known that the PSF is asymmetric to some degree (Valenti et al. 1995) and may give rise to systematic velocity shifts. However, it is unlikely that the same asymmetry in the same direction would be found at two different spectrometers. Therefore, we consider this possibility less plausible.
All Doppler measurements which used the NSO solar spectrum as the reference template were corrected for this offset of 522 m s À1 . Since currently no M dwarfs exist having a definitive barycentric radial velocity, the velocity zero point for the M stars in our sample was set using the previously published velocities for the five standards from , which have errors of $0.4 km s À1 .
COMPARISON OF PRESENT VELOCITIES WITH STANDARD STARS
To get an external measure of the accuracy of our barycentric radial velocities we have compared our velocities to published velocities of supposed radial velocity standard stars. We carry out this comparison separately for the FGK stars and for the M stars.
F, G, and K Stars
We compared our velocities to those of the 26 standard stars that were measured by Udry et al. (1999a) Note.- Table 1 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement. a Stars with rms < 100 m s À1 .
TABLE 2
Radial Velocities: Stars with rms > 0:1 km s À1a ing timescales of years for their standard stars. However, their quoted velocities have been rounded off at the 50 m s À1 level. From our measurements of these stars in common, the temporal variability is less than 10 m s À1 during $5 yr. Therefore, it is not certain whether the rms scatter of 35 m s À1 between the two sets of velocities is due to our errors or the rounding of the ELODIE data plus their errors. We conclude that the barycentric velocities reside on the same scale with an offset of $50 m s À1 , and a scatter of $35 m s À1 . Comparing our velocities for 29 common stars with those reported by Stefanik et al. (1999) , with a correction of +136 m s À1 added to their native velocities in Table 1 and 2 (R. P. Stefanik, 2002, private communication) , we obtain hV CfA À V Present i ¼ 15 m s À1 , which is only marginally different from zero, with an rms scatter of 123 m s À1 as seen in Figure 5 . The differences exhibit a significant BÀV dependence as seen in Figure 6 . The slope of the linear trend is þ448 AE 111 m s À1 per mag with an rms scatter around the fit of 109 m s À1 . This color dependence is likely caused by some spectral type mismatch in one or all of the radial-velocity scales. For solar type stars, we are in good agreement with the CfA velocities, with no offset as seen in Figure 6 . This is likely due to the CfA velocity zero point being set by observations of minor planets as was also done for the present velocities.
Interestingly, the sign of the slope in Figure 6 is opposite of that in Figure 4 between the CORAVEL and present velocities. Since synthetic spectra were used to derive both the CfA and ELODIE velocities, which were used as the reference system in Udry et al. (1999a) , (Stefanik et al. 1999; Baranne et al. 1996; Gullberg 1999) this seems to give credence to the notion that using synthetic spectra does not entirely solve the problem of spectral dependent systematic errors. 
M Stars
The radial-velocity standard stars listed by Udry et al. (1999a) do not include any M dwarfs, and we do not have any M dwarfs in common with Stefanik et al. (1999) or the older CORAVEL standard stars (Udry et al. 1999b ). Therefore, we compared our present velocities for M dwarfs to those given in . The results of this comparison, for 21 stars in common, are shown in Figures 7 and 8 and yield hV MLW À V Present i ¼ À21 m s À1 with an rms scatter of 164 m s À1 . The offset is obviously very low since the M star reference spectrum was created using the velocities quoted by . Since the average internal error for the velocities in is $200 m s À1 , most of the scatter in the differences is due to them. No BÀV dependence is seen in the residuals. It is therefore difficult to ascertain the uncertainty in our present velocities for M dwarfs and similarly difficult to ascertain a zero-point error (whatever that would mean). But a conservative estimate of the errors would be the $0.4 km s À1 uncertainty of the velocities which were used in setting the velocity zero point.
Since the observed offset (21 m s À1 ) for the M dwarfs is within a factor of 2 of the internal scatter of $10 m s À1 , we have not applied any correction to the radial velocities for these stars. There is some concern that our two sets of stars, the F, G, and K stars and the M stars, might not be on the same velocity zero point. A comparison between them is difficult due to the significant spectral type mismatch errors.
UNCERTAINTY ESTIMATES
Due to the several systematic errors affecting radial velocities on the order of 0.1 km s À1 it is difficult to ascertain the true uncertainties of the velocities reported here. Normally, two different methods are used to estimate uncertainties: (1) Standard deviation of the mean (i.e., the internal rms scatter of points), and (2) comparison with published values. We have done both here. On average the standard deviation of the mean, due to the internal scatter of points, for the velocities in Table 1 is $10 m s À1 . We also compared our velocities with the best known published standard star velocities of Udry et al. (1999a) . This comparison, as shown in the previous section, gave an rms scatter of the differences of 35 m s À1 . Therefore, using the traditional methods of estimating uncertainties our velocities are accurate to $35 m s À1 .
In this case the traditional methods fail due to the astrophysical sources of errors that affect all spectroscopic measurements of radial velocity. The values of these errors are not known adequately, otherwise we would have corrected for them. It is likely that these systematic errors were also not taken into account by Udry et al. (1999a) or Stefanik et al. (1999) . This means that a comparison between their data and ours will not yield the true uncertainty of our velocities or theirs.
What the comparison does show is the precision of velocities within a given spectral type. The velocities of all stars of a given spectral type will have a nearly constant offset from their true kinematic velocities, because the systematic errors are dependent on spectral type. Relative to that constant offset the velocities in that spectral type are very precise. The vs. present velocities for M dwarfs. The velocities agree well with no apparent nonlinear dependence. and present velocities for all 21 M stars in common (as in Fig. 7 ). There is an rms scatter of 164 m s À1 , and a constant offset of À21 m s À1 , which is not statistically significant. Thus, our velocities for the stars having BÀV > 1:3 reside on the velocity scale set by . No BÀV dependence is seen in the residuals.
comparison with Udry et al. (1999a) shows our precision to be no worse than 0.035 km s À1 (see Fig. 3 ).
This high precision within a spectral type can be effectively used to look for moving groups. Moving groups have velocity dispersions of typically $0.5 km s À1 such as the Pleiades group (Jones 1970) . The present velocities are precise enough within a spectral type to judge whether a star belongs to the moving group or not.
Even though the exact values of the systematic errors are not known we can estimate our true uncertainties. There are three major systematic errors in our velocities, namely, convective blueshift, gravitational redshift, and spectral type mismatch. These errors change systematically with spectral type. Since our velocity zero point was set here using the day sky and the minor planet Vesta, which have well known radial velocities due to solar system dynamics, the systematic errors were forced to zero for solar-type stars. The errors will rise as the spectral type departs from solar type. Because the zero-point calibration was used for all FGKtype stars there will be differential errors due to convective blueshift and gravitational redshift that increase with departure from solar type. Similarly, the spectral type mismatch errors only occur for non-solar-type stars, since the NSO solar spectrum was used for the reference, and is therefore unaffected by the velocity zero-point calibration.
The approximate values of the systematic errors are as follows. According to Dravins (1999) the convective blueshift is approximately À1000 m s À1 for F5 V (BÀV ¼ 0:4), À400 m s À1 for G2 V (solar-type, BÀV ¼ 0:64), and À200 m s À1 for K0 V (BÀV ¼ 0:9). The effective velocity error caused by gravitational redshift can be computed from, V grav ¼ GM=Rc . We find, with masses and radii given by Allen (2000) , that the redshift is +680 m s À1 for F5 V, +636 m s À1 for G2 V, and +590 m s À1 for K0 V. The sum of the two effects shows that the overall systematic error is approximately À320 m s À1 for F5 V, +236 m s À1 for G2 V, and +390 m s À1 for K0 V. Due to our zeropoint calibration these errors are here forced to zero for solar-type stars. Therefore, we expect that our velocities are low by $556 m s À1 for F5 V stars, true for solar-type stars, and high by $154 m s À1 for K0 V stars.
With these estimates of the systematic errors in hand we can compute a correction for the velocities as a function of BÀV. We fit a line to the first two points (F5 V and G2 V) and to the second two points (G2 V and K0 V) to obtain two linear interpolations. The first equation (eq. [2] ) is for main-sequence stars earlier than solar type (BÀV < 0:64), and the second equation (eq. [3] ) is for main-sequence stars later than solar type (BÀV > 0:64), not including M type stars. Equation (3) may be used for stars with 1:3 > BÀV > 0:9, but represents an extrapolation of the points given above and should be used with caution. Since most of our main-sequence stars have BÀV < 1:1 this should not cause too many problems. These equations do not account for spectral type mismatch errors because we do not know enough about these effects yet for our velocities:
These corrections are valid only for main-sequence stars for which the NSO solar spectrum was used as the reference. The velocities for the M type stars, with BÀV > 1:3 and for which the M composite spectrum was used as the reference, have a zero-point uncertainty of $0.4 km s À1 , and therefore a correction for gravitational redshift or convective blueshift is not warranted at this time. However, we expect the velocities of the M stars to be very precise due to their low rms velocity scatter and their small spectral type range which minimizes the systematic errors. We expect them to also be precise to 0.03 km s À1 , just as the FGK mainsequence stars. If the '' true '' radial velocity of only one of them were known then they all could be corrected for their zero-point error and be very accurate.
We expect that the corrections given in equations (2) and (3) account for convective blueshift and gravitational redshift to within $0.1 km s À1 . The errors due to spectral type mismatch are likely to be $0.1 km s À1 (Griffin et al. 2000) . From the errors expressed in equations (2) and (3), an additional $0.1 km s À1 for the spectral type mismatch error, along with the distribution of spectral types of our survey stars, the typical uncertainty of the uncorrected radial velocities in Tables 1 and 2 is $0.3 km s À1 . For the few subgiants, the errors are somewhat larger, but not easily estimated without models of subphotospheric convection in such stars.
We cannot at this time give a correction for the velocities of our 45 giants. Giants have a gravitational redshift on the order of 0.1 km s À1 , which is much smaller than that for dwarfs due to the large radius of giants, $15 R (Allen 2000) . The convective blueshift is not known for giants and hinders us from giving a rough velocity correction. Hopefully, more in-depth future studies of the sources of error discussed here, such as recent work by Pourbaix et al. (2002) , will allow for more accurate corrections of radial velocities and eventually yield '' true '' radial velocities. Until that time these corrections may be used for the present velocities.
FINAL RADIAL VELOCITIES AND DESCRIPTION OF TABLES
The barycentric radial velocities for all 889 stars are reported in Tables 1 and 2 . The 782 stars that exhibit an rms velocity scatter less than 100 m s À1 are reported in Table 1 . Primary and alternate star names are given in the first two columns, and the stellar spectrum used as the template (either NSO or M dwarf composite) is listed in column (3). The mean time of the observations is given in column (4) under hJDi to establish the characteristic epoch for the velocity measurement. The span of observations in days is given in column (5), and the mean barycentric radial velocity of all observations for a star is in column (6). Stars with only one observation were put in Table 1 even though their rms scatter is not defined. They can be distinguished by DT ¼ 0.
The 107 stars with an rms velocity scatter greater than 100 m s À1 are reported in Table 2 . Primary and alternate star names are given in the first two columns. The stellar template spectrum (either NSO or M dwarf) is given in column (3). The Julian Date (JD) of one specific observation is given in column (4). The barycentric radial velocity of that one observation is given in column (5). The mean date of all observations and span of observations are given in columns (6) and (7). The rms scatter of the velocities of all observations is given in column (8), and the number of observations in column (9). The last column is for comments where stars with companion orbits or linear trends are noted. '' L '' indicates that velocities vary linearly with time (see Table 4 ), '' CO '' indicates that a companion and its orbit were found, '' C '' indicates that a published companion exists but an orbit is not given here, and '' A '' indicates that the star is chromospherically active based on the emission reversal seen at the Ca ii H and K lines in our spectra. The orbital parameters for 15 stars with companions are reported in Table 3 . The orbital period P, velocity semiamplitude K, eccentricity e, longitude of periastron !, and time of periastron T 0 are given as well as the primary mass M 1 , minimum secondary mass M 2,min , minimum semimajor axis a min , and the mass function, f ðMÞ. References are also given to other sources which have information on these stars, their companions, and orbital parameters. The data for stars with linear trends are given in Table 4 . The slope of the radial velocity curve and the number of observations is given for 30 stars.
ORBITS OF BINARIES
We found 107 stars in this program that exhibit an rms velocity scatter greater than 100 m s À1 . We attempted to fit these with a Keplerian orbit. We found 29 stars that yield good Keplerian orbital fits to their relative radial velocities. Many of these binaries have been previously published from our velocities and therefore will not be duplicated here. Several papers contain these previously reported single-line spectroscopic binaries, namely Marcy et al. (1999) , , Vogt et al. (2002) , Fischer et al. (2002) , Cumming et al. (1999) , and Marcy et al. (2001b) .
For 15 stars, our velocities provide unpublished orbital solutions or reveal unknown companions. These orbits are listed in Table 3 which gives the usual orbital parameters for single-line spectroscopic binaries. Plots of the velocities and the associated Keplerian fits are shown in Figures 9-23 . The mass for the primary star for each system was estimated from the catalog by Prieto & Lambert (1999) or by using BÀV and Allen (2000) . From the orbital parameters and primary masses, we determined the minimum companion masses (M min ), mass functions, f ðMÞ, and minimum semimajor axes, a min , which are also listed in Table 3 . The values of M min range from 42 M Jup to 545 M Jup , and therefore the companions are all candidate brown dwarfs or H-burning stellar companions. The uncertainties in the orbital parameters were found by a Monte Carlo technique in which Gaussian velocity noise was added to the best-fit theoretical velocity curve at the times of observation. We ran 50 trials for each case, with orbital parameters being rederived for each trial. The standard deviations of the resulting orbital parameters were taken as the uncertainties. For some stars the Monte Carlo method underestimated the uncertainties in the orbital parameters. For these stars a more conservative estimate of the uncertainties was made by fitting many different Keplerian orbits to the observed relative radial velocities, without any modeled Gaussian noise, and then looking at the scatter of the parameters produced by the best orbital fits.
The stars HD 4747, HD 65430, and GJ 84 have large orbital uncertainties due to incomplete phase coverage. There were insufficient velocity measurements to constrain the orbit of HD 18445 even though it is known to have a companion . Thus, it is not listed in Table 3 . The eccentricity for HD 140913 was fixed to e ¼ 0:54 (Latham et al. 1989) in performing the Keplerian fit, since not enough points were available to constrain the eccentricity. Only the other four parameters were fitted for this star. The Keplerian fit for HD 208776 is particularly poor as insufficient velocities are available to constrain the orbital period to better than a factor of 2. Eleven of the spectroscopic binary stars appear to be newly discovered here: HD 4747, HD 7483, HD 30339, HD 34101, HD 39587, HD 65430, HD 174457, HD 208776, GJ 84, GJ 595, HIP 52940. Velocities are available upon request of G. M. The companions all have M min in the substellar range or low-mass stellar range and thus offer interesting targets for studies with adaptive optics or interferometry.
CONCLUSION
We have provided barycentric radial velocities with an internal precision of 0.03 km s À1 for 889 stars. The error estimates stem both from the internal errors found from the spectral chunks within each spectrum and from the comparison with accurate velocities on the CORAVEL scale (Udry et al. 1999a ). The radial velocities of the F, G, and K dwarfs reside on a velocity zero point defined by the observations of the Sun, using the day sky and Vesta as proxies. Our velocity scale differs by only 0.053 km s À1 from that of Udry et al. (1999a) and 0.015 km s À1 from that of Stefanik et al. (1999) , thus adding confidence to the zero points of all three sets of velocities. The radial velocities of the M dwarfs reside on the velocity system defined by and have not been further corrected, nor is such a correction known to be necessary. These M dwarf velocities are probably accurate to within 200 m s À1 .
The Doppler shifts reported here have such high accuracy that gravitational redshift and convective blueshift impose comparable (or greater) wavelength shifts. These effects were somewhat removed from our velocity measurements by using the Sun for the velocity zero point. We expect therefore that for G2 V stars the present velocities represent their '' true '' kinematic velocities within 0.03 km s À1 . However, for stars departing from solar type the sum of the two astrophysical effects will produce systematic errors dependent on spectral type. From F to K type dwarfs this variation will be as large as $0.3 km s À1 and will cause our velocities to be low for F type stars and high for K type stars. Using estimates for these effects we give rough velocity corrections in equations (2) and (3). We presume that these corrections bring the velocities within $0.15 km s À1 of their '' true '' kinematic values.
These precise radial velocities can be used to complement future highly precise proper motion measurement, such as those projected to be obtained by the GAIA mission of the ESA. The radial velocities and proper motions will give the three components of space motion of stars. These precise space motions may be useful for discerning the membership of moving groups, since young moving groups have velocity dispersions of $0.5 km s À1 (Jones 1970) .
The 782 stars listed in Table 1 exhibited a velocity scatter of less than 100 m s À1 during 4 years. These stars apparently exhibit relatively stable velocities on timescales of a decade and represent candidates for radial velocity standard stars. However, their integrity as velocity standard stars requires future observations to verify their stability. We expect that some of these 782 '' stable '' stars may reveal slow drifts in radial velocity on timescales longer than 10 yr.
The accuracy of the present velocities offers an opportunity to detect such slow drifts by future measurements made with comparable accuracy. Such velocity variations may prove useful in identifying unseen companions at large orbital distances, i.e., over 10 AU. We found that 107 stars exhibited velocity variations of over 100 m s À1 (rms). For these stars, we have provided the rms velocity, and also either an orbital solution or a description of the linear trends. We intend these measurements to provide dynamical constraints on the nature of the companions.
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